An analysis of the impact of orphanhood at antiretroviral therapy (ART) initiation on HIV outcomes in Asia included 4300 children; 51% were male. At ART initiation, 1805 (42%) were non-orphans (median age: 3 years), 1437 (33%) were single orphans (6 years) and 1058 (25%) were double orphans (7 years). Ten-year post-ART survival was 93.4-95.2% across orphan categories. Clinic transfers were higher among single and double orphans than non-orphans (41% vs 11%, P<0.001). On multivariate analysis, children ≥3 years at ART initiation (hazard ratio 1.58 vs <3 years, 95% confidence interval: 1.11-2.24) were more likely to be lost to follow-up. Although post-ART mortality and retention did not differ by orphan status, orphans were at greater risk of starting ART at older ages, and with more severe immunosuppression and poorer growth.
Introduction
An estimated 17.8 million children have lost one or both parents to the global HIV epidemic. [1] Orphaned children infected with HIV have been reported in multiple contexts to be at greater risk of delayed access to care, poor adherence and mental health issues [2] [3] [4] [5] [6] . As children age, they experience additional psychosocial stressors, including the need for HIV disclosure, fear of stigma and discrimination, managing antiretroviral therapy (ART) in the context of adolescent development, and impending transition to adult HIV care [7, 8] . Orphanhood also puts social and financial strain on the remaining parent or non-parental caregivers [9] [10] [11] . We conducted an analysis of a regional paediatric HIV cohort in Asia to determine the impact of orphanhood on treatment outcomes and retention in care of children and adolescents.
Methods
Data were extracted from the TREAT Asia Pediatric HIV Observational Database (TApHOD), which is a member cohort of the International Epidemiology Databases to Evaluate AIDS (IeDEA) [12] . Data are collected from 16 participating clinical programmes in six countries comprising Cambodia, India, Indonesia, Malaysia, Thailand and Vietnam. Prospective data collection in TApHOD commenced in 2008 and retrospective clinical data were provided from the date of first entry into the clinic where available. For this analysis, the study population was restricted to children enrolled in TApHOD through September 2014, who initiated treatment at age <15 years for a duration >6 months, had at least one prospective follow-up visit after ART initiation (of any combination of antiretrovirals) and had recorded information on parental vital status. Institutional Review Board approvals were obtained at participating sites, the data management and analysis centre (Kirby Institute, UNSW Australia) and the coordinating centre (TREAT Asia/amfAR, Bangkok, Thailand).
Definitions and statistical analysis
The primary endpoint for this analysis was the proportion of children who stayed in care after ART initiation and the study factor of interest was orphan status. We used the following classification for orphan status of a child at the time of ART initiation: nonorphan (both parents were alive or were recorded as the primary caregivers); single orphan (one parent died or a child had only one parent involved in their care); and double orphan (both parents died or a child lived in an orphanage, group home or was homeless). If the vital status of both parents was unknown and there was no evidence of their involvement in care, the child was categorised as a double orphan. Children with insufficient data to make a determination on orphan status using these criteria were excluded from the analysis.
The baseline CD4 cell count was the closest to the date of initiation of ART and within a window of 180 days before and 14 days after initiation of ART. Pre-ART HIV-RNA was the closest value to the initiation of ART, within a period of 365 days before or 14 days after ART initiation. For the most recent clinical data, we used the closest measurement within 12 months prior to the date of the last clinic visit. Patients were lost to follow-up (LTFU) if they did not have a recorded clinic visit or contact (e.g. lab test) for ≥6 months and were not documented to have been transferred or have died. Those LTFU were censored at the date of their last known clinic visit. Children who were transferred to other care services also were censored at their most recent clinic visit.
Demographic and clinical characteristics for different orphan groups were presented as proportions or median and interquartile ranges, as appropriate. The Chi-squared test was used for comparison of categorical variables and the Kruskal-Wallis test for comparison of continuous variables. The incidence rates of mortality were calculated by dividing the number of deaths by the total number of person-years. For each member of the cohort, person-years at risk were measured from the date of starting ART until the date of death or the date of the most recent clinic visit.
The Kaplan-Meier method was used to assess the cumulative probability of retention after starting ART. We used Cox regression to assess factors associated with LTFU of children and adjusted by country. Covariates included sex, baseline age, orphan status, weight-and height-for-age z score, first regimen (lasting ≥7 days), CD4 cell count and viral load. Analyses were primarily based on data at the time of ART initiation and not updated over the course of follow-up. Variables with a P-value of <0.10 in the univariate analysis were included in the multivariate models. Statistical significance for the final model was identified using a two-sided P-value of 0.05.
Statistical analyses were performed using SAS software version 9.1.3 (SAS Institute Inc, Cary, NC, USA) and Stata version 12 (StataCorp, College Station, Texas, USA).
Results

Baseline characteristics
A total of 4679 HIV-infected children were enrolled into TApHOD and received ART by September 2014. We excluded 44 with incomplete information on orphan status, 22 with incomplete ART information, and 313 who had been on ART for less than 6 months, leaving 4300 in the analysis (Table 1) . Approximately half were male (51%). At ART initiation, 1805 (42%) were non-orphans (median age: 3 years); 1437 (33%) were single orphans (median age: 6 years) and 1058 (25%) were double orphans (median age: 7 years). The median age was significantly different between orphan groups (P<0.001). (13) 149 (10) 108 (10) Malaysia 303 (7) 121 (7) 106 (7) 76 (7) Indonesia 256 (6) 129 (7) 87 (6) (5) 288 (20) 402 (38) Other relative 416 (10) 65 (4) 135 (9) 216 (20) Non-family member 358 (8) 15 (1) 71 (5) 272 (26) Foster family 152 (4) 2 (0) 24 (2) 126 (12) Unknown 153 (4) 67 (4) 44 (3) 42 (4) Residential status <0.001
Living with family 3658 (85) 1669 (92) 1287 (90) 702 (67) Group home 354 (8) 87 (5) 116 (8) 151 (14) Orphanage/Homeless 169 (4) Overall, 56% were cared for by one or both parents, and grandparents were the main caregiver for 38% of double orphans. At ART initiation, the median CD4 percentage was 10%, and the median CD4 cell count 258 cells/mm 
Programme and treatment outcomes
The median duration of follow-up was 6 (IQR: 3-9) years overall: 5 (IQR: 3-8) years for non-orphans, 6 (IQR: 3-9) years for single orphans and 7 (IQR: 5-10) years for double orphans, which was significantly different by orphan status (P<0.001).
At the last visit, 82% (n=2000 of 2437 with testing) of children with available data had HIV-RNA <400 copies/mL (non-orphan 84%; single orphan 81%; double orphan 81%, P=0.10), the median CD4 cell count (cells/mm A total of 148 children were LTFU, including 61 (3.4%) nonorphans (P=0.85) and 87 (3.5%) single and double orphans, at an overall rate of 0.54 (95% CI 0.46-0.64) per 100 person-years. The Kaplan-Meier estimate of 3-year retention in care after ART initiation was 98.5% overall (95% CI 98.1-98.9%), and 97.6% at five years (95% CI 97.0-98.0%), with no differences (log rank χ 2 =1.38, P=0.50) between non-orphans (97.6, 95% CI 96.7-98.3%), single orphans (97.7%, 95% CI 96.7-98.4%) and double orphans (97.3%, 95% CI 96.1-98.2%). The multivariate model adjusted by country indicated that children aged ≥3 years at ART initiation (HR 1.58 vs <3 years, 95% CI 1.11-2.24) were more likely to be LTFU. Orphan status, weight and height for age, CD4 <25%, HIV RNA ≥5 log10 copies/mL, and WHO stage at ART initiation and first ART regimen did not predict LTFU. A total of 148 children were LTFU, including 61 (3.4%) non-orphans (P=0.85) and 87 (3.5%) single and double orphans, at an overall rate of 0.54 (95% CI 0.46-0.64) per 100 person-years (Table 2) .
Discussion
In this regional cohort of 4300 children in Asia, with a median duration of follow-up of 6 years, we observed that although most Pre-ART weight-for-age z score <−1. recent CD4 cell count values were high across all groups, they were still significantly lower among those who were orphans. There were no other significant differences in post-ART HIV outcomes related to growth, virological status, being LTFU, or mortality related to orphan status at ART initiation. However, there were multiple differences in terms of orphaned children being older at the time of starting ART, and having more advanced immunosuppression by CD4 values and poorer growth parameters. They were also more frequently transferred out of the cohort sites, which is likely to reflect increased geographical movement due to more frequent changes in caregivers over time. [15, 16] Data on the impact of orphanhood on HIV treatment and programme retention outcomes have varied between and within regions. An earlier study in Cambodia showed that orphans had poorer outcomes [2] , while another study in India showed that this was not a factor, citing extended family support as a key factor for supporting treatment adherence [17] . There have been similar differences between data from Kenya and Rwanda [3, 18, 19] . In some settings, paternal orphans with HIV-infected mothers as their primary caregivers face greater challenges to stay in school and in paediatric care due to the added household burden of maternal illness and greater financial stresses, compared to double orphans being raised by relatives [4, 20] .
More recent research has focused on the complex interaction of issues surrounding parental deaths and the subsequent shifts to non-parental caregivers, economic insecurity, psychological consequences and weakened social protections that form the socio-economic background within which a child or adolescent receives medical care [4, [21] [22] [23] [24] . Family and household resources are increasingly being viewed as key factors that influence vulnerability, emphasising the potential value that direct (e.g. cash transfers) and indirect (e.g. nutritional supplements) financial support may have in addition to societal interventions to address stigma and fear of discrimination [9, 25] .
Our study was limited by the categorical determination of orphan status only at the time of ART initiation, which does not capture those who became orphans during follow-up and the impact of time as an orphan on outcomes. The lack of patient tracing after being lost to follow-up meant that we were unable to ascertain whether children remained in care elsewhere or died out of care [26] . Cohort data are unable to fully characterise the potentially broad and complex effects of orphanhood on clinical outcomes. Because of the challenges in collecting detailed data on social and economic variables in large cohorts, orphan status is a surrogate for identifying those who may be in greater need of social support and adherence and retention interventions. However, it does not fully define the social risk profile of an individual patient. In addition, study cohort sites were primarily better-resourced tertiary care centres providing paediatric HIV care within urban or provincial referral centres. This limits the extrapolation of our results to rural or primary care settings, where orphan status and associated familial financial insecurity may play a larger role in health outcomes.
Within this primarily perinatally infected regional cohort, although post-ART mortality and retention did not differ by orphan status at the time of ART initiation, orphans were at greater risk of starting ART at older ages, at which point they were experiencing more severe immunosuppression and poorer growth. Outcomes research, taking orphan status into account, should be conducted into adulthood to monitor the longer-term impact of having had more severe immunosuppression at the time of starting ART. While data through middle childhood demonstrate substantial immune recovery, it is less clear whether there could be more rapid immunosuppression should treatment failure develop around adolescence. In general, research into immediate and long-term paediatric HIV outcomes should include a greater emphasis on social and economic risk factor data collection.
